The aim of this study was to compare the accuracy of CT colonography versus optical colonoscopy for neoplastic involvement at the surgical anastomosis 1 year after curative-intent colorectal cancer resection.
M ost current guidelines for colorectal cancer (CRC) surveillance 1 year after curative-intent resection recommend both optical colonoscopy (OC) to assess for recurrent or metachronous intraluminal cancer and intravenous contrast-enhanced CT to evaluate for both distant metastatic and local extraluminal recurrence. [1] [2] [3] However, because only a small minority of local CRC recurrence is luminal in nature, 1, 4, 5 the efficacy of lumen-only tests such as OC is limited, as reflected by the unique outlier recommendation by the American Society of Clinical Oncology to delay postoperative OC for 3 years. 6 Rather, local recurrence tends to be extramural and perianastomotic, 7 leading some investigators to consider using CT colonography (CTC) technique at the time of diagnostic CT to simultaneously evaluate for both intra-and extraluminal pathology, potentially sparing the patient of short-term OC if the colon can be cleared of relevant lesions. [8] [9] [10] [11] [12] [13] [14] Cumulative results from mainly single-center, retrospective studies have been very promising, 13 but likely require validation from a prospective multicenter trial setting. In particular, evaluation of the surgical anastomosis can be challenging at OC, with many potential false-positive results related to nonneoplastic findings, as well as potential false negatives related to the lack of a detectable intraluminal component to most anastomotic and perianastomotic recurrences. 4, 7, 10, 13 We recently completed a prospective multicenter trial to assess the feasibility, patient preference, and diagnostic performance of combined CT-CTC for surveillance 1 year after CRC resection, relative to the standard combination of CT and OC. This report specifically focuses on the diagnostic performance of both OC and CTC for evaluating the colonic surgical anastomosis. Because standard CT is common to both arms, either approach can likely detect extraluminal perianastomotic recurrence, although the CT-CTC combination may have some advantages in this regard. Although prior retrospective studies have shown that CTC is highly sensitive for detecting anastomotic and perianastomotic cancer recurrence, 13 the rate of potential CTC false positives leading to unnecessary OC referral (with associated increased costs) is less certain. 4 This is perhaps of greatest relevance in relatively low-risk postsurgical cohorts without clinical evidence of recurrent disease. Therefore, the purpose of this study was to compare the performance of CTC and OC in this prospective trial for colonic anastomotic evaluation 1 year after CRC resection.
MATERIALS AND METHODS

Study Design
Five institutions (Fox Chase Cancer Center, Mayo Clinic Rochester, Memorial Sloan-Kettering Cancer Center, University of Chicago, and University of Wisconsin) participated in this National Institutes of Health-sponsored protocol (National Cancer Institute grant 1R01CA155347-01), which was approved by the institutional review board at each center. A total of 231 patients (mean age, 58 years; age range, 25-89 years; 97 women, 141 men) recruited through oncology and GI clinics completed the trial. Written informed consent was obtained from all patients by study coordinators at each site. All consented patients had prior surgical CRC resection with curative intent and were scheduled to undergo both intravenous contrast-enhanced diagnostic CT and OC for routine postsurgical follow-up at 1 year, according to most standard clinical guidelines. We excluded patients with known metastases, clinically suspected recurrent or metastatic disease, or contraindications to intravenous contrast administration. Between November 2011 and March 2016, patients received intravenous contrast-enhanced diagnostic CT combined with CTC, followed by same-day OC.
All patients received a cathartic bowel preparation for CTC and OC, as well as dilute barium and water-soluble iodinated oral contrast for stool and fluid tagging for CTC. Patients underwent CT imaging after insufflation of the colon using a low-pressure automated carbon dioxide delivery system. This included low-dose CT imaging of the abdomen and pelvis in the prone or decubitus position, followed by standard diagnostic supine imaging after intravenous contrast administration. An additional decubitus scan was obtained as needed to optimize luminal evaluation. This CT-CTC combination folds both studies into a single examination. CT colonography studies were interpreted with the use of a combined 2D and 3D assessment using the dedicated CTC software in current use at each institution. Extracolonic CT evaluation was performed concurrently using the standard radiology picture archiving and communication system at each institution.
In terms of lesion localization, we prospectively defined the "anastomotic region" as being within 5 cm of the surgical anastomosis. Focal lesions suspicious for polyps or cancer recurrence were prospectively identified by the interpreting radiologist at CTC, with emphasis on nondiminutive lesions (>5 mm). Potential lesions at CTC were characterized according to size, morphology (sessile, pedunculated, flat, or mass), and diagnostic confidence (3-point scale). 15 All patients went on to same-day OC, performed by experienced gastroenterologists. The endoscopists were initially blinded to the CTC findings, with sequential unblinding by colonic segment at the time of evaluation. For relevant potential lesions called at CTC but not initially seen at OC, the segment in question was immediately reevaluated. This provides an enhanced reference standard for colorectal pathology. 16 Polypectomy or biopsy was performed for all potentially suspicious lesions identified at OC (as determined by the endoscopist), with all specimens sent to surgical pathology for histopathologic assessment.
Statistical Analyses
The final results on OC after unblinding served as the reference standard by which the results of CTC and the initial OC evaluation were compared. Of primary interest was advanced neoplasia, as well as any adenomatous polyps measuring ≥6 mm. Advanced neoplasia was defined as a large (≥10 mm) adenoma or cancer, or any neoplasm containing high-grade dysplasia or prominent villous component. 17 Nonadenomatous lesions (such as inflammatory or hyperplastic polyps, pseudopolyps, granulation tissue, or normal mucosa) and diminutive lesions (≤5 mm) were of secondary interest. As noted above, we defined anastomotic lesions as occurring within 5 cm of the anastomosis. The polyp-matching algorithm utilized has been described previously, 16 and allows for a 50% margin of error in polyp size between OC and CTC to be considered a true positive match. The simulated colonoscopy referral rate for anastomotic findings was defined by any suspicious findings ≥6 mm at CTC that would have prompted referral for OC.
If OC failed to demonstrate a CTC abnormality, or if biopsy of the perceived abnormal anastomosis (by CTC or OC) returned nonneoplastic disease, this was reported as a false positive.
RESULTS
Of the total 231 patients who completed the trial, 30 patients were excluded from this study because of the absence of a bowel-to-bowel surgical anastomosis. The remaining 201 patients represent the final study cohort (mean age, 58.6 years; 84 women, 117 men). Initial stage at diagnosis was stage I, II, and III in 40, 67, and 94 patients.
At postoperative surveillance approximately 1 year after CRC resection (mean, 12.1 months; median, 11.9 months), none of the 201 patients had an anastomotic (or metachronous) luminal cancer, a large or advanced adenoma near the anastomosis, at final evaluation. Only 2 patients (1.0%; 2/201) were called positive at CTC for a focal nondiminutive luminal lesion within the anastomotic region. In 1 patient, an 8-mm lesion called at CTC near the ileocolic anastomosis was confirmed at OC and found to represent a small hyperplastic polyp adjacent to suture material (Fig. 1) . In another patient, a 7-mm lesion adjacent to a colocolic anastomosis was found to represent normal mucosa at OC biopsy. In 22 cases (10.9%), benignappearing CTC findings, such as a possible diminutive lesion or nodular thickening along the anastomosis, were felt to be compatible with suture granuloma or expected postoperative appearance. In general, such findings would not have triggered OC referral. Therefore, the estimated OC referral rate for anastomotic findings at CTC was 1.0% (2/201).
At OC, the anastomosis was deemed abnormal and/or biopsied in 10.0% (20/201) of cases. A total of 25 lesions in 20 patients were biopsied (mean size, 4.9 mm; range, 2-10 mm). Of the 25 lesions, 16 were diminutive (≤5 mm), 8 were small (6-9 mm), and 1 was large (≥10 mm). Biopsy results from these 25 anastomotic lesions are summarized in Table 1 . Only 1 nondiminutive benign neoplasm was found (a 7-mm tubular adenoma), which was not called at CTC, but no large adenomas or cancers were identified. Other pathology results in these cases included lymphoid tissue (n = 6), granulation tissue with or with inflammation (n = 5), normal mucosa (n = 4), inflammatory polyp (n = 4), hyperplastic polyp (n = 3), and diminutive tubular adenoma (n = 2). Only 1 large anastomotic lesion was called at OC, a 10-mm nodule at an ileocolic anastomosis that proved to be normal mucosa at histology.
Beyond a strictly luminal evaluation, CT/CTC detected abnormal extramural perianastomotic soft tissue deposits in 2 (1.0%) patients that were ultimately confirmed to represent biopsy-proven local cancer recurrence FIGURE 1. Hyperplastic polyp smaller than a centimeter at the colonic anastomosis (1.4 years after right hemicolectomy for CRC) in a 70-yearold woman. A, 3D and B, 2D CTC images show a focal 8-mm soft tissue polyp (arrow) at the anastomosis. The high attenuation seen at the edge of the lesion on 2D represents either oral contrast coating or calcification involving a suture granuloma. Given the OC findings, the latter is favored. C, Image from same-day OC confirms a polyp at the anastomosis, with adjacent suture material. The lesion proved to be a hyperplastic polyp at surgical pathology. CRC = colorectal cancer; CTC = CT colonography; OC = optical colonoscopy. (Fig. 2) . In 2 other patients (1.0%), peritoneal-based soft tissue nodules more distant from the anastomosis also were subsequently shown to represent biopsy-proven early peritoneal carcinomatosis. Neither the perianastomotic recurrences nor the cases of early peritoneal carcinomatosis were detected at OC.
DISCUSSION
Numerous randomized controlled trials have repeatedly shown that more intensive follow-up after CRC resection with CT and CEA levels is associated with reduced overall mortality, a shorter interval to detecting recurrence, increased detection of asymptomatic recurrence, a higher rate of repeated curative-intent surgery, and improved survival after recurrence. 1 In particular, use of CT followup has been associated with improved overall survival compared with no imaging. 1, 5, [18] [19] [20] More recently, the FACS (Follow-Up After Colorectal Surgery) randomized clinical trial showed that more intensive surveillance was associated with increased rates of curative-intent surgery, which was the main outcome measure of this trial because of the lack of statistical power to assess overall survival. 21 In contrast, short-term colonoscopy follow-up within a year of CRC resection has not demonstrated a survival benefit. 5, [22] [23] [24] [25] Given the rarity of isolated luminal anastomotic recurrence, the primary rationale for surveillance colonoscopy in this setting is presumably for the detection of metachronous (or previously missed synchronous) cancers, and advanced adenomas. Older studies have shown that, although much less frequent than extraluminal cancer recurrence, metachronous or missed synchronous luminal cancers can be found within 2 years of surgery. 2 However, if the colon has been adequately cleared for synchronous neoplasia at the time of cancer diagnosis, there may be little role for colonoscopy 1 year after CRC resection, which is reflected in the American Society of Clinical Oncology guidelines that call for OC 3 years after surgery, and are at odds with the standard National Comprehensive Cancer Network and US Multi-Society Task Force guidelines familiar to most colorectal surgeons, gastroenterologists, and oncologists. 6 The need for surveillance OC at 1 year is further mitigated if colonography technique (CTC) is performed concurrently with standard CT to exclude advanced neoplasia.
Computed tomographic colonography has been shown to be comparable to OC for the detection of advanced adenomas and CRC in the screening setting. 16, 17, 26 Comparable detection of advanced neoplasia by CTC and OC has also been demonstrated in symptomatic patients. 27 A meta-analysis reported an overall sensitivity for CRC of 96.1% for CTC and 94.7% for OC. 28 However, because most of the published experience with CTC performance derives from more experienced "centers of excellence," relatively little is known regarding the generalizability of these results at the community practice level. This issue of CTC generalizability may be even more pertinent to postoperative surveillance in CRC patients, where the examination is more technically challenging. Nonetheless, (13) 7 (4) 1 (1) 22 (18) Values stated are number of polyps (number of patients). OC = optical colonoscopy.
a Advanced neoplasia includes invasive cancer and advanced adenomas, which are defined by large size (≥10 mm), high-grade dysplasia, and/or a prominent villous component.
b Nonneoplastic lesions included lymphoid tissue (n = 6), granulation tissue with or without inflammation (n = 5), normal mucosa (n = 4), inflammatory polyp (n = 4), and hyperplastic polyp (n = 3).
FIGURE 2.
Perianastomotic cancer recurrence (12 months after resection of T4aN0M0 sigmoid cancer) in a 76-year-old woman with slightly elevated CEA level (7 ng/mL). A and B, 2D low-dose unenhanced prone (A) and postcontrast supine (B) CTC images show an irregular 1-cm soft tissue nodule (arrows) adjacent to the colonic anastomosis (arrowheads). Note the peripheral enhancement of the nodule on the contrastenhanced view, as well as collapse of the anastomosis. The anastomosis was deemed normal at OC (not shown). C, Fused image from PET/CT obtained after the CT/CTC study shows that the lesion is hypermetabolic, which proved to be local recurrence. CTC = CT colonography; OC = optical colonoscopy.
the interobserver variability for detecting relevant colorectal pathology (eg, advanced neoplasia) among academic radiologists at screening CTC appears to be considerably smaller than the wider variability seen among gastroenterologists at OC. 29, 30 In the setting of prior CRC resection, 1 study reported that CTC correctly identified all 51 local cancer recurrences; only 1 metachronous cancer was seen.
14 A recent meta-analysis looking at additional CTC studies showed excellent pooled sensitivity for detecting both local cancer recurrence (95%) and metachronous cancers (100%). 13 Specificity for anastomotic cancer in this meta-analysis was reported to be 100%. However, specificity for anastomotic cancer recurrence may not reflect the actual OC referral rate from CTC related to abnormal focal findings at the anastomosis. For example, a large study of CTC with OC correlation in 548 patients after CRC resection found only a single case of anastomotic cancer recurrence, but all 22 of the other focal luminal anastomotic lesions were nonneoplastic. 10 In our study, many benign and nonneoplastic anastomotic lesions were identified and biopsied at OC. The relatively high rate of anastomotic biopsies yielding nonneoplastic findings suggests that there may be a need for greater recognition of the variable endoscopic appearance of the normal postoperative anastomosis by gastroenterologists. However, in comparison, less than 1% of cases would have been referred to OC from CTC related to an anastomotic finding. Considering that no luminal cancers were found at short-term follow-up in our cohort (whether anastomotic, metachronous, or previously missed), and that all extraluminal recurrences were detected by CT/CTC and none by OC, the need for shortterm OC surveillance, at least of the anastomosis, could be questioned.
It is well established that the great majority of local cancer recurrence following CRC resection is predominately extraluminal. 4, 7, 14 Computed tomography is an effective tool for the initial detection of these perianastomotic and other recurrences, the likelihood of which may be heightened by a rising CEA level. Furthermore, PET/CT can be quite useful for distinguishing abnormal soft tissue related to cancer recurrence from that due to fibrosis or other benign postoperative changes. 7 Adding CTC technique to the standard CT surveillance likely further improves assessment of the anastomosis and perianastomotic region by dint of luminal distention and cleansing relative to CT without colonography technique. However, we are unable to assess this additive value directly in our study, because patients did not have a concurrent CT without colonography technique.
We acknowledge limitations to our study. The lack of luminal cancer recurrence in our low-risk cohort renders our trial underpowered in this regard, precluding assessment of the sensitivity of CTC for detection. However, as discussed above, numerous prior single-center studies have demonstrated a high sensitivity of CTC for CRC detection in this setting. Furthermore, our study showed improved specificity for CTC over OC with a much lower false-positive rate related to calling nonneoplastic anastomotic findings. Despite its prospective, multicenter design, our study cohort was relatively small because of unanticipated recruitment challenges, which included lowerthan-expected adherence to the surveillance guidelines. In addition, we did not focus on luminal lesion detection beyond the anastomotic region, which will be the focus of a separate report. However, no metachronous cancer was seen at surveillance in this cohort, which we feel largely reflects current practice and diminishes the role of OC in this setting. Finally, we did not report the potential cost savings associated with this approach of combined CT/CTC versus the standard of CT and OC, but we plan to study this. It is noteworthy that a recent meta-analysis suggested a substantial cost savings of the CT/CTC approach.
13
CONCLUSION
Our findings are concordant with prior studies demonstrating that clinically relevant intraluminal anastomotic pathology is rare 1 year after CRC resection in lower-risk cohorts. Primary CTC evaluation performed in conjunction with standard abdominopelvic CT for metastatic surveillance appears to be effective in evaluating both the intraluminal and extraluminal aspects of the anastomosis, with relatively few false positives leading to unnecessary OC. When combined with prior studies demonstrating high sensitivity of CT/CTC for anastomotic cancer recurrence, our findings suggest that CTC evaluation is superior to OC for evaluation of the colonic anastomosis at 1-year postoperative surveillance.
